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A B S T R A C T
Biobased products are a growing trend in industrial crops, but the natural variation among the plant sources
demands the development of efficient pretreatments for standardizing the raw material. This work aims to
evaluate the characteristics of pressed oil palm mesocarp fiber after alkaline and multi-step pretreatment
methods. Multi-step pretreatment procedure involved acetosolv extraction with a mixture of 93 % (w/w) of
acetic acid and 0.3 % (v/v) of hydrochloride acid (a chlorine-free), followed by alkaline bleaching. Acetosolv
extraction was also used aiming to allow a more effective delignification during the bleaching stage, and the
possibility to recover the solvent that was used in the next extractions; this fact could not be obtained in alkaline
extraction alone. The fibers were evaluated concerning the chemical composition, X-ray diffraction, thermo-
gravimetric analysis, scanning electron microscopy, and Fourier-transform infrared spectroscopy. The combined
multi-step resulted in higher alpha-cellulose content (66 %), crystallinity index (65.20 %), and lower mass loss
up to the onset degradation step.
1. Introduction
Oil palm (Elaeis guineensis) is an endemic plant of the tropical rain
forests from Africa, spreading over Malaysia, Indonesia, Ivory Coast,
and Congo (Barcelos et al., 2015; Mba et al., 2015). Indonesia is the
world’s first largest palm oil producer after Malaysia (Kushairi et al.,
2018). It can be found in similar ecozones worldwide. In South
America, Brazil is the fourth-largest producer after Colombia, Ecuador,
and Guatemala, producing 340 million tonnes and representing 0.57 %
of the worldwide oil palm production (Córdoba et al., 2019; Abra-
plama, 2019). Besides, Brazil has a potential area to cultivate oil palm.
In 2016, 207,252 ha were cultivated with oil palm, with projections to
expand this area to approximately 330,000 ha by 2020, with some of
the output to be potentially used for oil palm-based biodiesel (Córdoba
et al., 2019; Maniam et al., 2013). The oil palm is an industrial com-
modity used in various segments, such as vitamin E and carotenoids in
food industry (Mba et al., 2015), acoustic absorber (Or et al., 2017),
adsorption-desorption (Phoon et al., 2018), surfactants (Saxena et al.,
2017), biofuel production (Sukiran et al., 2017), and others. Oil palm
mesocarp fiber is one of lignocellulosic biomass generated from oil
palm processing and consists of mixtures of exocarp (outer skin), me-
socarp (pulp), and crushed endocarp (shell). POPMF is characterized as
lignocellulosic biomass with high lignin (20.5–30.0 %) and cellulose
(12–42.8 %) contents (Souza et al., 2016). Cellulose content for some
biomasses found on literature is oil palm biomass (13–25 %) (Hossain
et al., 2016), banana pseudostem (17.2 %) (Shimizu et al., 2018), corn
straw (11.9 %) (Guo et al., 2013), rice husk (23 %) (Johar et al., 2012;
Leitner et al., 2007), sugarcane bagasse (18–26 %) (Arni, 2018; Pereira
et al., 2011), P. trichocarpa wood (27 %) (Zhou et al., 2011).
In the extraction process, the fruit is pressed, generating several co-
products that are used in many different applications. The raw fiber
obtained from industrial processing can be used for various applications
with or without any chemical and physical pretreatments (Campos
et al., 2018; Marques et al., 2020). POPMF is a lignocellulosic material
that can be obtained from residue of industry, and it is a suitable can-
didate for various applications such as reinforcement in polymers
(Campos et al., 2018; Yasim-Anuar et al., 2019), sugar conversion
(Zakaria et al., 2015) composites (Campos et al., 2018), nanocrystal
(Campos et al., 2017), hydrolysis of polysaccharides (Tiong et al.,
2019), adsorption (Abdul Manap et al., 2018), and pyrolysis (Kabir
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et al., 2017).
Another part used in various applications is oil palm empty fruit
bunch, OPEFB e is used for soil fertilizer (Tao et al., 2018), decanter
cake as feed for several farm animals (horses, pigs, chickens, cattle)
(Kanchanasuta and Pisutpaisal, 2016), nanocellulose (A Septevani
et al., 2019), and as biofertilizer or biofuel, (Maniam et al., 2013) and
the palm oil mill effluent (POME) can be used as protein synthesis
regulator (phosphorus) – one of essential nutrients for plant growing
(Sukiran et al., 2017). The co-products can have higher-added value if
incorporated in composites (Ramlee et al., 2019), nanocomposites
(Asad et al., 2018; Saba et al., 2019, 2016), bionanocomposites
(Campos et al., 2017) as fuels for boilers (Ahmad et al., 2019; Lam
et al., 2019), microcrystalline cellulose (Mohamad Haafiz et al., 2013;
Owolabi et al., 2017; Xiang et al., 2016), and nanocellulose (Indarti
et al., 2019; Lamaming et al., 2017; Zianor Azrina et al., 2017). The oil
palm mesocarp fiber is one of the types of oil palm residues (together
with empty fruit and kernel shell) that can be considered harmful waste
and potentially deteriorate the surrounding environment, if released
untreated (Sabil et al., 2013). The high moisture content (30–37 %) of
the mesocarp fiber is between empty fruit and kernel shell values (as
well as cellulose, holocellulose, lignin, and moisture), and the high
relatively moisture difficult its transportation and to be ground in small
particles. Also, according to Sabil et al. (Sabil et al., 2013), another
drawback as poor grindability, relatively low carbon (requiring a very
high load needed to generate energy compared to coal) and low heating
value (high O/C ratio and low energy density) contributes to the dif-
ficulty of its utilization. A possible alternative is the torrefaction of the
by-products.
Organosolv treatment is a two-stage process which involves hy-
drolysis followed by the use of an organic solvent such as acetic acid,
acetone, methanol, ethylene, glycerol, butanol or ethanol, with or
without strong acids (hydrochloric acid or sulfuric) to break lignin and
hemicellulose bonds of lignocellulosic materials. (Meng et al., 2019).
Moreover, the reaction stages involved in this process are less harmful
to the environment in comparison to conventional methods as kraft or
sulfite pulping (Zhang et al., 2016). High-quality lignin is obtained,
adding value to the process, and organosolv solvents are quickly re-
covered by distillation, leading to less water pollution. Lignin extracted
from pre-treatments such as organosolv has an application such as a
biodegradable polymer, resin, and blend system (Collins et al., 2019).
Chlorine Free (TCF) bleaching is an environmental friendly alternative
to eliminate phenolic chromophores from precipitated lignin
(Fernández-Rodríguez et al., 2017). The pre-treatments are the critical
part of the process where potentially toxic reagents are used for long
reaction times. Thus, these pretreatments need some improvement
using greener and reusable reagents with the ability to reduce de-
lignification time and improve cellulose yields, lignin recovery for
further application (Dias et al., 2016; Grossman and Wilfred, 2019),
and reduction of environmental impact. The removal of lignin from
biomass is called the extraction process and for environmentally
friendly manufacturing, it is mandatory not to generate any orga-
nochloride waste. Acetosolv process is an organosolv treatment that has
been used to separate cellulose, hemicelluloses, and lignin from lig-
nocellulosic materials (Erdocia et al., 2014; Hernández-Hernández
et al., 2016; Pinheiro et al., 2017). The process parameters depend on
the type of biomass, and process variables (time process, acetic acid
concentration, and hydrochloric acid concentration). (Souza, 2014)
subjected the oil palm fiber to pretreatments that allowed the deligni-
fication of the fibers to obtain nanocellulose with excellent physico-
chemical properties.
The efficiency of the fiber as a raw source of cellulose can be
maximized by removing non-cellulosic, amorphous materials (deligni-
fication, for example), using several treatments including physical,
physicochemical or biological pretreatments (Alvarez-Chavez et al.,
2019; Kathirselvam et al., 2019; Kumar and Sharma, 2017;
Senthamaraikannan et al., 2019; Verma et al., 2018). Among other
advantages, an increase in the number of possible reaction sites by
exposing the fiber, surface roughness, mechanical properties, and
crystallinity content can be obtained (Akil et al., 2011). Hence, the
significant contribution to the field of the proposed study is the use of
new pre-treatments applied to oil palm mesocarp fibers, and the effects
on chemical, structural, thermal and morphological properties. As main
results, the experimental thermogravimetric curves were compared
with the simulated ones by using the free Excel file from (Cabeza et al.,
2015) according to its initial chemical composition. X-ray parameters
were also calculated based on the crystallinity index using a simple and
easy-to-use linear equation, while FTIR confirmed structural changes in
chemical structure.
This study has as objective to effectively extract non-cellulosic,
amorphous materials from oil palm mesocarp fiber (POPMF) using i)
bleaching and ii) multi-step pretreatments. The bleaching procedure
was conducted in three different times: 1, 2, and 3 h with (NaOH/H2O2)
solution. The multi-step pretreatment method involved acetosolv, fol-
lowed by bleaching procedures. The multi-step pretreatment has the
advantage of recovering lignin fully and recycles part of the solvent
besides to affect cellulose properties. All fibers were characterized by
TG, XRD, FTIR, and SEM.
2. Experimental
Pressed oil palm mesocarp fibers were used as lignocellulosic fiber
using two different chemical procedures: bleaching and multi-step
pretreatment based on (de Menezes Nogueira et al., 2019; Souza et al.,
2016)
2.1. Pressed oil palm mesocarp fibers (POPMF)
Pressed oil palm mesocarp fiber (POPMF) (Elaeis guineensis) was
generated as an industrial source in the town of Tailândia city, Pará
state, Brazil, and kindly supplied by Embrapa Amazônia Oriental and
used as received without further purification. POPMF was ground in a
FORTINOX cutting mill and sorted through granulometric sieves (1mm
and 0.5 mm). The fiber´s size that was retained above the 0.5mm
screen was subjected to further treatment.
Reagents for the treatment (acetic acid 99.7 wt%, HCl 37 wt%,
NaOH 97wt%) were purchased from VETEC/Sigma Aldrich (São Paulo,
Brazil).
2.1.1. Chemical treatments
2.1.1.1. Treatment 1 (T1): bleaching. POPMF was bleached using three
different reaction times: 1 h (T1_1 h), 2 h (T1_2 h), and 3 h (T1_3 h),
respectively.
Bleaching (T1_1 h). 5 g of dried POPMF was used in an aqueous so-
lution in 300mL of an aqueous 4% (w/v) NaOH and 30mL of 30 % (v/
v) H2O2 at 70 °C, under mechanical stirring at 4000 rpm for 1 h. After
the fibers were vacuum filtered, water-rinsed, and the fiber washed
with distilled water until pH ∼7 and oven-dried at 60 °C for 24 before
obtaining T1_1 h.
Bleaching (T1_2 h). 5 g of dried POPMF was used in an aqueous so-
lution in 300mL of an aqueous 4% (w/v) NaOH and 30mL of 30 % (v/
v) H2O2 at 70 °C, under mechanical stirring at 4000 rpm for 1 h. After
1 h of reaction, 50mL of 4% (w/v) NaOH, and 30mL of 30 % (v/v)
H2O2 was added, and the reaction mixture under mechanical stirring at
4000 rpm for 1 h. After 2 h, the fibers were vacuum filtered, water-
rinsed and the fiber washed with distilled water until pH∼7 and oven-
dried at 60 °C for 24 before obtaining T1_2 h.
Bleaching (T1_3 h). The same procedure was repeated at each hour,
up to three hours. After 3 h of reaction, the fibers were vacuum filtered,
water-rinsed, and the fiber washed with distilled water until pH∼7 and
oven-dried at 60 °C for 24 before obtaining T1_3 h.
2.1.1.2. Treatment 2 (T2): multi-step pretreatment. POPMF was bleached
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in a reflux system with aqueous acetosolv solution (acetic acid 93 %
(w/w) and HCl 0.3 % (w/w)) at 110 °C for 3 h in a biomass/solvent
ratio of 1:10 (w/v). After the reaction, fibers were vacuum filtered
using acetic acid 99.7 % (w/w) at 80 °C until a clear filtered liquid be
reached. Posteriorly, the fibers were water-rinsed to pH ∼7 and oven-
dried at 45 °C for 24 h, until constant weight (Benar et al., 1999).
Afterward, 1 g of acetosolv fiber was stirred in a mixture of 20mL of 4%
(w/v) NaOH and 6mL of 30 % (v/v) H2O2 at 65 °C for 60min. Then,
6mL of 30 % (v/v) was added to the mixture and stirred for 90min at
65 °C. Finally, fibers were vacuum filtered, water-rinsed to pH ∼7 and
oven-dried at 45 °C until constant weight.
2.1.2. Fiber characterization
2.1.2.1. Chemical characterization. The pulped pressed oil palm
mesocarp fiber (POPMF), T1_1 h, T1_2 h, T1_3 h, and T2 were
characterized for moisture, ash, extractives, insoluble lignin, and
alpha-cellulose in accordance to TAPPI T 421 om-02 (2002), TAPPI T
211 om-02 (2002), TAPPI T 204 cm-97 (1997), TAPPI T 222 om-02,
(2000), TAPPI T 203 cm-99 (2009), respectively. The lignin was
characterized by TAPPI T 222 om-02 (2000). The holocellulose
content was measured using the procedure described by Yokoyama
et al. (2002), and the hemicellulose content was determined as the
difference between holocellulose and alpha-cellulose contents. The
chemical characterization was measured in triplicate.
2.1.2.2. X-ray diffraction. Fibers were analyzed in an Xpert MDP
diffractometer (PANalytical) with a Co tube, operating at 40 kV and
30mA, in the 2θ range from the 5 < 2q<50° (5 s/step). The
crystallinity index (CI) was calculated using the empirical method
(French et al., 2013):
=
−
×CI
I I
I
100am(200) ( )
(200) (1)
where I(200) is the maximum intensity of the diffraction peak from the
(200) plane at 2θ≈22°,and I(am) is the intensity of the minimum
intensity between the major peaks.
2.1.2.3. Thermal analyses. The TG and DTG of the fibers were
performed in an STA 6000 (Perkin Elmer), with a mass of ca. 10mg
from 30 °C to 600 °C, with a heating rate of 10 °C/min. The ceramic
crucible was used as a sample holder under N2 atmosphere with a gas
flow of 30mL/min. Also, TGA curves were simulated using chemical
composition after all processes from this study. The simulation was
performed using the Free Excel file available from Cabeza et al., study
(Cabeza et al., 2015). The effect of each component (water, oil,
hemicellulose, cellulose, and lignin) and the respective chars is
profoundly discussed.
2.1.2.4. Scanning electron microscopy (SEM). Fibers were gold-
metalized in a K550 sputtering (Emitech) before the examination. The
samples were scanned in a DSM 940A SEM (Zeiss) at an acceleration
voltage of 15 kV. All samples were coated with gold to make them
conductive before the SEM analysis.
2.1.2.5. Attenuated total reflection Fourier- transform infrared (FTIR-ATR)
spectroscopy. This technique was used, aiming to evaluate the
functional groups presented on the surface of the fibers. A small
sample of each fiber was recorded in the range from 4000 cm−1 to
650 cm−1 in an FTIR Cary 660 (Agilent). The mass was put on an ATR
module with zinc selenite crystal, and the spectra were recorded with
25 scans.
3. Results and discussion
3.1. Chemical characterization and morphology
Regarding T1 treatment, extractives and insoluble lignin decreased
by reaction time and hence the number of carbohydrates (holocellulose,
α-cellulose, and hemicelluloses) increased (Table 1). The fits of each
treatment are not presented here. The reduction in the extractive gave
presented a second-order polynomial trend (R2= 0.9962), and the in-
soluble lignin content had an exponential decay fit (R2 = 0.9783). The
holocellulose and alpha-cellulose follow a second-order polynomial fit
(R2= 0.9999 for both), and the hemicellulose content increase linearly
(R2= 0.9686). The increment in the alpha-cellulose content is theore-
tically limited to around three hours of reaction, with no potential gains
further. T2 treatment presented lower content of lignin and extractives
(reduction of more than four times lignin content of POPMF without
treatment). The higher alpha-cellulose content (66 %) was achieved
because of a more efficient amorphous component removal (Souza,
2014).
Table 1
α-Cellulose, hemicellulose, holocellulose, soluble lignin, extractives, ashes, and moisture of the POPMF, T1_1, T1_2, T1_3 and T_2 (Mena values ± standard de-
viation).
Fractions (%) POPMF T1−1 h T1−2 h T1−3 h T2
Moisture 7.8 ± 0.1 12.5 ± 0.4 8.2 ± 0.4 8.1 ± 0.5 5.8 ± 0.1
Ashes 3.5 ± 0.1 4.7 ± 0.1 5.2 ± 0.2 4.9 ± 0.0 5.7 ± 0.1
Extractives 9.9 ± 0.2 9.7 ± 0.1 9.3 ± 0.1 8.3 ± 0.1 6.0 ± 0.3
Insoluble lignin 30.3 ± 1.2 13.8 ± 1.3 13.2 ± 1.2 9.4 ± 0.6 4.9 ± 0.5
Soluble lignin 4.0 ± 2.3 0.1 ± 0.0 0.2 ± 0.0 0.17 ± 0.1 3.0 ± 0.2
Holocellulose 43.1 ± 5.1 55.1 ± 4.3 63.3 ± 1.4 67.6 ± 0.1 80.4 ± 0.5
α-cellulose 21.4 ± 5.5 32.5 ± 1.4 39.1 ± 1.7 41.2 ± 1.4 66.0 ± 0.1
Hemicellulose 21.7 ± 0.1 22.6 ± 0.3 24.2 ± 0.4 26.4 ± 0.5 14.4 ± 0.9
Fig. 1. Physical appearance of POPMF (A); T1_1 (B); T1_ 2 (C); T1_ 3 (D);
T2_bleached (E) and organosolv lignin (F).
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The removal of some lignocellulosic components reflected in the
color of the biomass obtained. POPMF presented a brown color
(Fig. 1a). A lighter coloration is achieved with reaction time
(Fig. 1b–d). T2 treatment showed different visual aspects, probably
because of the removal of some chromophores substances of lignin (7.9
%) and hemicelluloses (14.4 %). The treatment T1_3 h presented higher
contents of lignin (9.6 %) and hemicellulose (26.4 %) than T2 (Fig. 1e),
resulting in a darker color for the later, because of the residual lignin
(the color is due degraded components of lignin).
The SEM images of POMPF after bleaching and multi-step treatment
are presented in Fig. 2 with 500x magnification. POMPF is compact and
smooth because of some compounds such the extractives (9.9 %), lignin
(30.3 %) and hemicellulose (21.7) (Fig. 2a). After alkaline extraction,
some of the cementing materials were removed (corroborated by
Fig. 2. SEM images: (a) POPMF (500×); (b) T1_1 (500×); (c) T1_2 (500×); (d) T1_3 (500×); (e) T2 (500×) and (f) T2_bleached (500×).
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Table 1), exposing individual filamentous microstructures. Higher ex-
traction times resulted in looser fibers, increasing surface area
(Fig. 2b–d, Table 1).
Multi-step pretreatment fibers Fig. 2d presented a similar degree of
fibrillation to the T1_3 procedure. After the acetosolv extraction, the
fibers were more available to the alkaline peroxide bleaching. The or-
ganosolv treatment rupture the cementitious matrix (Fig. 2e), and the
alkaline bleaching eliminated much of the residual components on the
cellulose microfibrils (Fig. 2b, Table 1). The increment in the surface
area of the organosolv extracted fibers is useful for further reactions, as
acidic hydrolysis.
3.2. X-ray diffraction (XRD)
Fig. 3 shows the X-ray diffraction patterns. The crystallinity index
was calculated (Table 2) using the main peak which is referred to as the
crystallographic plane (200) at □22.3° 2θ reflection, and 18.5° 2θ re-
flection of the amorphous phase.
Segal crystallinity indexes were 50.34 and 65.20 % for T1_3 and T2,
respectively. The values were almost two times the one obtained for in
natura fiber, showing the efficiency of the pretreatments. Values be-
tween 57–65 % were achieved in literature considering other oil palm
bleached fibers (Chieng et al., 2017; Freitas et al., 2016; Latip et al.,
2019). The increase in the crystallinity index after pretreatments can be
attributed to more efficient removal of non-cellulosic, and amorphous
materials, increasing alpha-cellulose content and increasing the reg-
ularity in the crystal lattice.
The intensity of the peak 200 increases and the width diminishes as
a result of better alignment of the glycoside rings in the plane (200) (Hu
and Hsieh, 1996). According to Agarwal (Agarwal et al., 2018, 2016),
cellulose can be found in three main forms distinct: i) native (amor-
phous) ii) organized, and iii) crystalline. The hydrothermal treatment
improves the “crystallization” of the organized state of cellulose.
The full width at half maximum (FWHM) and the crystallite size (L)
were estimated by fitting literature data (Carrillo et al., 2018; Nam
et al., 2016) and generating linear and polynomial equations, respec-
tively (Fig. 4). Different values can be attributed to the removal of
lignin, hemicelluloses, and less ordered carbohydrates, which could
entail the degradation of small crystallites that increase the average
lateral crystallite size. It can be due the crystals are less than two and
three molecules thick; it is plausible that the arrangement may not be as
crystals but organized aggregated states. Accordingly, the reasons for
the increase in L (200) values could be due to the hornification/crys-
tallization process for bleached samples. The isolation via alkaline ex-
traction removed mostly hemicelluloses and low molecular weight and
disordered cellulose chains. Hence, the remaining fraction is mainly
constituted of cellulose, and only traces of hemicelluloses in the re-
maining solid are expected, as was confirmed by the changes of
1740 cm−1 band intensity in FTIR, and by compositional analysis. As
XRD indicated (posteriorly corroborated by FTIR), the T2 treatment
Fig. 3. X-rays diffractogram of raw and bleached palm oil pressed mesocarp
fiber treatments.
Table 2
Crystallinity index of POPMF, T1_1, T1_2, T1_3
and T_2.
Fibers CI (%)
POPMF 25.6
T1_1 43.7
T1_2 47.6
T1_3 50.3
T2_bleached 65.2
Fig. 4. Fitting procedures based on literature data for obtaining FWHM and crsitaline size.
Fig. 5. ATR-FTIR spectra of POPMF and all treated samples.
P.H.F. Pereira, et al. Industrial Crops & Products 150 (2020) 112305
5
was more effective in the removal of amorphous material.
3.3. ATR-FTIR analysis
All the fibers presented an absorption in the region between 3800
and 3200 cm−1, related to the hydroxyl stretching, related to poly-
saccharides, and in the region around 2885 cm−1, compared to the
symmetric stretching of the CeH bonding. Vibrational peaks related to
the characteristical polysaccharide groups CeOeC, CeO, and CeOeH
(1000−1200 cm−1) were recurrent in all spectra, with T2 featuring the
smallest intensity and T1_3, the highest. This difference is likely to be
attributed to the different content of hemicellulose in the fibers from
treatment T2 (14.4 %) and T1_3 (26.4 %) (Md Yunos et al., 2012)
(Fig. 5).
FTIR calculus uses regions in which many times the removal of these
components is more visible in some specific bands. For example, OH
vibrations are in the 3400 cm−1 regions, and all main components
(cellulose, hemicellulose, and lignin) present a characteristic band in
this region; consequently, four characteristics peaks regarded to intra-,
Fig. 6. Simulated TG curve of based on chemical composition for POPMF and after each treatment.
Table 3
Results of TG curves with corresponding temperatures to the maximum rate of
mass in (dm) in the respective intervals of temperatures (ΔT) with losses of
mass in TG (Δm) and residue.
Samples Stages ΔT (°C) Tpeak (°C) Tpeak (°C) Mass loss
(%)
Residue (%)
POPMF 1° 30−120 55 7.4
2° 120−320 283 230 33.7 15.1
3 320−600 354 328 43.8
T1_1 1° 30−130 55 7.5 29.8
2° 130−400 351 215 62.7
T1_2 1° 30−120 55 6.62 20.8
2° 120−400 361 240 72.6
T1_3 1° 30−130 55 11.6 16.8
2° 120−400 352 256 71.6
T2 1° 30−135 55 4.25 29.7
2° 130−400 346 248 66.05
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inter- and OH-stretching bands are presented for all components. The
removal of less ordered carbohydrates and some hemicelluloses por-
tions and lignin showed a sharper peak, indicative of a more organized
structure, but the values calculated follow a specific trend but are less
precise in comparison to XRD results.
All the bleaching treatments reduced the intensity of the peak at
1608 cm−1, related to the aromatic vibration of lignin molecules, and
eliminated the peaks at 1736 (ketone carbonyl), 1515 (related to aro-
matic ring C]C in lignin), and 1254 (ether stretching) cm−1, related to
hemicellulose, lignin and extractives (Bilba et al., 2007; Shukry et al.,
2008). Intense vibration at 1639 cm−1 was observed in the raw fiber
and it was reduced throughout the bleaching treatments, reaching the
smallest value in the treatment T2. This result is in agreement with the
chemical characterization and the reduction of moisture from 7.8 % in
the raw fiber to 5.8 % in the fibers from treatment T2. This analysis is
following with the other analyses (Table 1 e 2), in which amorphous
components are eliminated, and cellulose is refined.
3.4. Thermogravimetric analysis
Lignocellulosic fibers present three main thermal events (Fig. 6a):
the first one between 25−125 °C is related to water evaporation and
volatilization of lower molecular weight compounds, the second one
between 175−310 °C, caused by the thermal decomposition of the
hemicelluloses and cellulose chains, and the third one between
310−600 °C, related to the final degradation of lignin with the re-
spective cellulose and hemicelluloses chars (Cabeza et al., 2015;
Ornaghi et al., 2019; Pereira et al., 2010; Poletto et al., 2015). The
removal of non-cellulosic and amorphous components promotes
changes in the TGA curve. This might be correlated to the removal of
the amorphous and lower thermal labile components, like lignin,
hemicelluloses, and extractives. Therefore, in T1, the higher the time of
the treatment, the higher the stability (Table 3), and T2 presented the
higher thermal stability (Guimarães et al., 2009; Kabir et al., 2013).
Although increments in the time for T1 improved thermal stability, T2
presented better stability than T1_3. This is corroborated by the crys-
tallinity index (Table 2), which was∼30 % higher in the later than for
T2.
Aiming to verify the effectiveness of the treatments on the removal
of components, TG curves were simulated using Cabeza’s et al. (Cabeza
et al., 2015) the free spreadsheet Excel file.
4. Conclusions
In this study, cellulose from oil palm mesocarp fiber was success-
fully obtained using alkaline and multi-step pretreatment methods. The
multi-step pretreatment procedure showed the higher alpha-cellulose
content, crystallinity index, and lower mass loss in the thermal plateau,
suggesting a good delignification besides the possibility of its reusa-
bility in the next extractions. Some parameters of XRD (as crystallite
size) can be easily estimated (visually or using the fitted equation) from
the Segal crystallinity index. Thermal-simulation based in the chemical
composition allows separating the influence of each component in the
thermal degradation after each treatment, the possibility of future
computer modeling.
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